Introduction
Multiple brain infarction is seen in a limited number of acute strokes. For example, in the Lausanne stroke register, only 40 of 751 patients with acute first-time stroke of the anterior circulation demonstrated multiple infarctions [1] . Only 10 of the 40 patients with multiple brain infarction showed bilateral infarctions, related either to cardioembolism or to large artery disease [1] . Using diffusionweighted sequences (DWI), magnetic resonance imaging (MRI) can evaluate the age of each lesion, determining whether these multiple brain infarcts occurred simultaneously or singly [2] . Using this sensitive technique, it is evident that the rate of multiple infarctions could be higher than previously suspected. In another study, among 142 patients with acute infarcts, 43 had more than one lesion on diffusion-weighted MRI [3] . From these 43 patients, 13 had acute multiple infarctions and 6 had multiple new and old strokes. Thus, about 15% of all patients experienced acute multiple brain infarctions in this patient group [3] . This rate is substantially higher than previously reported 5% [1] . Here, we report a most striking case of multiple brain infarctions involving four cerebral artery territories.
Case Report
A woman aged 85 years was admitted to our acute stroke unit with motor problems and sensory deficit in the left arm. The neurological examination revealed a left-sided paresis of the arm and facial paresis. A history of atrial fibrillation and coronary heart disease was noted. The initial MRI examination detected a small lesion on DWI in the right internal capsule. Less than 1.5 cm in diameter, and located in the lenticulostriatal territory, this lesion was judged to be a lacunar infarction (fig. 1b) . Multiple older white matter lesions seemingly confirmed this pathophysiological concept. Ultrasonographic investigations depicted a stenosis of the right internal carotid artery (ICA) in the carotid siphon area. Magnetic resonance angiography (MRA) confirmed this discovery, showing a signal reduction in the C1 and C2 segment of the right ICA. The MRA of the circulus of Willis revealed the lack of posterior communicating arteries on both fig. 1a ). On day 2 after admission, the neurological deficit had improved and the patient was apparently symptom free. The neurological examination at this time showed only a slight paresis on the left side without other symptoms. On day 3, the patient suddenly lost consciousness. She developed a deep coma without reactivity to painful stimuli and a progressive loss of brain stem reactivity.
An MRI on the third day detected bilateral signal intensities on DWI in the territories of the middle cerebral artery (MCA) and anterior cerebral artery (ACA) (fig. 2a) . On the MRA, both ICAs were occluded ( fig. 3) . The posterior part of the MCA was still partly perfused, which was proven by MR perfusion images. On the fourth day, the T2 images also showed extensive infarcts in both ACA and MCA territories, sparing the posterior part of both MCA territories ( fig.  2b) . The patient never regained consciousness and died on the fourth day with signs of transtentorial herniation.
The pathological examination showed a small thrombus in the right ICA. The left ICA was recanalized, and no thrombus in the heart or aorta could be found.
Discussion
The patient developed a small infarct in the right internal capsule due to either a lacunar syndrome, large artery disease of the carotid artery on the right side or atrial fibrillation. The initial MRA showed a stenosis of the right ICA in the C1 and C2 segment, which ultrasound techniques also proved. Both posterior communicating arteries were aplastic, and most of the carotid artery territories in both hemispheres were supplied by the left ICA. The initial MRA and ultrasound investigations demonstrated a normal left ICA without stenosis. The sudden deterioration of the patient, 3 days after the initial symptoms, suggested a basilar artery occlusion. The MRI proved that the basilar artery was open and occlusion of the left ICA had produced a severe forebrain ischemia in both hemispheres. The transient occlusion of the left ICA was probably caused by an acute embolic mechanism on the basis of the underlying atrial fibrillation. Both the negative MRA and ultrasound investigations before the left ICA occlusion and the open vessel in the pathological examination support this hypothesis. After this, the patient experienced a complete forebrain ischemia, which is produced experimentally by ligation of both ICAs in rats and gerbils, causing an ideal situation to study the effects of global ischemia and the amelioration of that devastating state [4] . Taking into account the diverse anatomical structures and physiologies of the animals studied, pathological examination does suggest striking similarities [5] . The anomalousness of the circulus of Willis with aplasia of both communicating posterior arteries was the anatomic substrate which allowed the development of these extensive bilateral lesions in our patient. The highgrade stenosis of the right ICA was the second prerequisite which allowed the embolic occlusion of the left ICA to produce a nearly complete carotid artery territory stroke in both hemispheres. The salvage of the posterior MCA territories on both sides could be explained by leptomeningeal anastomosis from the posterior cerebral arteries. Previous reports on bilateral ICA disease refer mainly to chronic arterial occlusive disease with rather few neurological changes [6] . In a French group of 19 patients with bilateral ICA occlusion, only minor neurological symptoms were noted. In young persons, even acute bilateral ICA occlusion may result in minor neurological symptoms. In one report, a young patient was reported to have suffered from bilateral ICA occlusion by a blunt trauma with only a narrow visual field deficit [7] . Just one study from Japan reports a 68-year-old woman who experienced sudden onset of coma with bilateral internal carotid occlusion by cardioembolism. This patient apparently suffered from a similar infarction type to that reported here, even though the exact lesion location and size was not detailed [8] .
In the opinion of most stroke neurologists, multiple brain infarction is likely caused by cardioembolism; however, recent Korean evidence suggests that mainly large vessel disease causes multiple brain infarctions in the anterior circulation [9] . In the instances of Yamaguchi et al. [8] , our current case and other severely affected patients, a cardioembolic source plus large vessel disease might contribute to the pathophysiological background. Various other mechanisms may also be involved in multiple brain infarctions, such as paraneoplastic coagulation abnormalities, infections and various diseases [1, 10] .
We conclude that total forebrain ischemia in humans is a rare but devastating condition. Prerequisites can be assumed, such as severe carotid stenosis, absence of a functional collateral system via the circulus of Willis and the combination of large artery disease and a cardioembolic source. The clinical presentation may mimic the onset of acute basilar occlusion. Fig. 2 . a Diffusion-weighted MRI on the third day reveals the diffusion deficit in both ACA and most of both MCA territories. b The T2 images from the MRI on the fourth day show a similar distribution to that previously noted on DWI. Fig. 3 . MRA after the onset of coma on day 3 shows a loss of signal in both ICA territories. Note the absence of any carotidal vessels in the intracranial portion.
